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Introduction
Vacuum-assisted closure therapy is a widely acknowledged method of chronic and traumatic wound healing. It was used for the first time in the 1990s [1] for treatment of pressure sores and chronic wounds [2] . In order to achieve negative pressure, a special polyurethane sponge is introduced to the wound bed and secured with an adhesive tape. This dressing, containing a drainage tube, is fitted tightly to a special device which produces constant or intermittent regulated negative pressure [3] . The mechanism of VAC therapy is complex. It results in decreased oedema and wound exudates. It also promotes granulation tissue formation by arterial dilatation [4] , activates angiogenesis [3] and restores the integrity of capillary basement membranes [5] . Another significant mechanism is a considerable reduction of the number of bacterial cultures [6, 7] , which contributes to fewer infectious complications [8] . All these factors account for a greater percentage of recoveries, shorter time of wound healing as well as a reduction in the number of complications [4] .
Taking into account the complexity of VAC therapy actions as well as the multitude of dressing materials, the range of VAC applications is very wide, from pressure ulcers, leg ulcers, sternal wound infections, mesh grafts, posttraumatic and postoperative wounds, open abdomen treatments [3] to chronic and complicated acute necrotising fasciitis [9] .
Complications associated with VAC therapy are rare and usually limited to superficial bleeding occurring after sponge change, pain if the procedure is performed without analgesia or allergic reactions to the drape [4] .
Until now, VAC therapy has been contraindicated in the treatment of intestinal fistulas [3] as it may delay the closure of the fistula and cause damage to internal organs [10] . Several reports are available on the efficacy of VAC treatment in the case of certain fistulas [10] [11] [12] [13] [14] [15] , including in infants [16] . The vast majority of VAC applications concern single fistulas, with one opening in the skin or postoperative/posttraumatic wounds. This paper presents positive outcomes of effective VAC therapy used for the treatment of high output (1500-3000 ml/day), complicated postoperative intestinal fistulas with multiple orifices both in the wound area and other sites.
Case report
In the present study the V.A.C. ATS Therapy Unit manufactured by KCI Inc. was used. At the heart of this system is the pump with continuous and intermittent mode of operation, flexible time of active pressure and pause, producing negative pressure of 50-200 mmHg as measured in the wound. Initially, abdominal types of dressings were used, consisting of 1) non-adhesive, perforated film placed on the intestines, 2) polyurethane V.A.C. GranuFoam Standard Dressing 60 cm × 30 cm × 1.5 cm with open pore structure and hydrophobic construction aiding exudate removal, 3) T.R.A.C Pad allowing for tight connection of sponge and drain, and 4) adhesive V.A.C. Drape. In the authors' Department eight patients with abdominal wounds were treated with VAC therapy. Three patients presented with abdominal wounds with multiple fistulas in and outside the wound. The data concerning VAC therapy in those patients are presented in Table I in the part entitled: Patient characteristics at the onset of treatment.
Initially VAC dressings were changed in a surgical setting. The wound was first cleaned with 0.9% NaCl and then the wound and abdominal layers were washed with Octenisept solution. Necrectomy was performed and the wound edges were cleaned, particularly areas which were adjacent to one another and most likely to heal. The surface of intestinal loops filling the wound was covered with non-adhesive drape from the 'Abdominal' set. Initially the sponge was cut to fit the wound size and in the subsequent stages of the treatment it was cut smaller than the wound, fixed with a few 0-2 skin sutures under some tension with the aim of approximating wound edges and thus decreasing the wound size. At the site of the major leakage either a small hole was cut in the sponge or its width was decreased to match the shape of a funnel with the wider part directed at the wound to create the best conditions for intestinal contents to drain out and not to accumulate underneath the sponge.
Exuding considerable amounts of bile and duodenal contents (1500-3000 ml) from the wound and the sites of former drains caused clotting inside the sponge and leaks underneath the drape. That often resulted in decompression of the VAC system. Thus, the dressings were changed once or twice daily within the first 3 days of treatment. In order to decrease the leakage, single sutures were placed on visible fistula orifices. Fistula openings at the site of previous drains were treated differently: initially with stoma bags and then by application of splints and sealing with gastrostomy drains with distal balloons. Moreover, Stomahesive paste ® (ConvaTec, USA) was used to secure the dressing as well as to prevent the leakage of fistula contents below the drape. Depending on the volume and the type of fistula contents the pressure (75-200 mmHg) as well as the relation between vacuum and pause periods was adjusted a few times daily. A considerable improvement in general condition and wound healing was observed within 2-4 weeks. Both the number of fistulas and their output decreased. The patients were extubated and their metabolic parameters significantly improved. Decreased levels of CRP and procalcitonin were noted in all cases. The wound was observed to be smaller and the dressings were changed at the bedside every 48-72 h following the intravenous administration of analgesics. After 5-7 weeks each patient presented with only one narrowed fistula. Once the general condition was considered satisfactory in all patients (2-6 months), they underwent A description of the treatment course as well as information concerning general condition of the patients at the onset of the treatment, VAC therapy course, its results and dressing changes are presented in Table I . All described patients are still being monitored in the authors' Clinic. Their condition is good and they do not need to follow any particular diet or reduce their physical activity. Their general quality of life is good. They have not required any medical interventions since the last surgical treatment and have returned to their prior duties (6, 12, 26 months). The documentation of treatment of two cases is shown in Figures 1 and 2 .
Discussion
The reduction of septic complications after surgery seems to be a very important factor to improve the results of procedures. The fact that laparoscopy may reduce the number of septic complications in abdominal surgery is well known [17] .
In cases of septic complications after laparotomy, including intestinal fistulas, immediate and effective surgical treatment is very important. In the presented cases VAC therapy was used for treatment of chronic and traumatic wounds complicated by multiple fistulas resulting from repeated laparotomies. Patients' general condition, high risk of subsequent surgical intervention, inflammatory reaction and increased intestinal adhesions as well as sepsis resulting from peritonitis ruled out any further operative intervention. Further conservative treatment proved to be ineffective and a great amount of fistula exudates led to the increase of the wound size as well as the development of inflammation and necrosis. Introduction of VAC therapy appeared to be the only alternative for those patients, and it was initiated despite the controversies concerning VAC therapy use for intestinal fistulas [18] . It has been suggested that VAC therapy used for complex wounds with directly exposed intestinal loops might increase the risk of new fistula formation [19, 20] . A -wound before VAC treatment, 2 fistulas in wound, 3 enterocutaneous fistulas outside the wound (arrows). B -6 th day of the VAC treatment, changes of the VAC dressings, 2 enterocutaneous fistulas outside the wound closed with sutures, 1 most active fistula secured with stoma bag. C -10 th day of the VAC treatment, reduction of the wound, reduction of the inflammation around the wound. Enterocutaneous fistula secured with gastrostomy tube (balloon insufflated). D -3 weeks of the VAC treatment, further decrease of the wound. An opening in the lower part of the sponge for better drainage of the fistula. E -as in the previous picture, after sponge replacement, constricting effect of the sponge. F -6 weeks of the VAC treatment, wound healed, skin without inflammation, small fistula in the lower part of the wound secured with stoma bag
On the other hand, certain medical papers discuss the positive results of VAC therapy in treatment of intestinal fistulas [10] , though the efficacy of VAC therapy is associated mostly with the control of fluid excretion and the improvement of the local conditions of the wounds [21] , rather than a complete healing of fistulas, which is very rare [22] .
Surgical procedure
All treated fistulas were heavily exuding, above 500 ml/day according to Berry's classification [23] , and they remained so during the first weeks of the treatment. The dimensions of wounds, the number of fistula openings, as well as bile and/or intestinal Vacuum-assisted closure therapy in patients with large postoperative wounds complicated by multiple fistulas excretions through sites of former drain tubes, made dressing of these wounds with absorbing drapes and stoma bags, even big ones, impossible. At the onset of VAC therapy our aim was to improve the general condition of patients, accelerate wound healing, and limit the number of fistulas and the amount of their excretion. These goals were to be achieved by successful drainage of fistulas at the site of the most intense excretions, which was thought to lead to a reduction of excretion from other orifices, gradual healing of other fistulas as well as improvement of wound healing. We hoped that a certain type of "steal effect" would occur and that by facilitating the excretion from the widest orifice, the volume and pressure of the contents from other fistulas would decrease. This procedure was thought to lead to the development of a single, active wide fistula of stomalike type, which would require stoma-type dressing In order to achieve the "stoma effect" the orifices of visible fistulas were closed with 3-0 and 4-0 interrupted sutures. Due to significant inflammatory leakage of intestinal wall and fistula orifices, their definite closure was not expected, yet either a temporary closure was obtained or their excretion was limited within a period of 1-2 days, usually before the next change of a dressing. Closure of these orifices positively influenced the local condition of the wound, decreased the inflammatory reaction of the wound edges and the skin and extended the usability of dressing materials.
Another problem significantly impacting VAC therapy and adversely affecting the wound and surrounding skin was the leakage of intestinal and/or bile contents through the sites of former drain tubes. This leakage resulted in the drape's detachment and consequently in decompression of the negative pressure system. In the first days of VAC therapy application this leakage necessitated frequent changes of dressings. The fistula channels were dressed in two manners. One of them was to place stoma bags over the channels at the sites of previous drains. Appropriate fixing of the pouch was particularly difficult due to the short distance between the wound edges and the channels. Both during placement of stoma bags under the drape and placement of the drape over the stoma bags, intestinal contents leaked out and the drape became detached. Despite the fact that the method of using a stoma bag for the treatment of fistulas with VAC therapy has been determined to be helpful in one medical paper [15] we decided to dress channels at the sites of previous drains in a different manner. Here, gastrostomy tubes were placed inside the fistula and the balloon was inflated to make the drain airtight. As a result, more areas for drape sticking were obtained and excretion of contents was limited to a greater extent to the channel. The drain was usually introduced under the drape and sealed with Stomahesive paste. The paste was also used to prevent the gathering of intestinal contents below the drape. Having placed and fixed the sponge with sutures a wide layer of paste was applied to the edges of the wound at the site of wound and drape contact. This way the leakage of intestinal contents was decreased and also the effects of protection and healing were obtained. Limited contact of intestinal contents with wound edges is one of the most significant factors facilitating wound healing [10] . We are of the opinion that using Stomahesive paste with its sealing and healing properties was justified and very effective and it is a standard procedure at our Department.
Healing of traumatic wounds with fistulas and inflammatory reaction is often the cause of widespread adhesions, greatly debilitating future surgical interventions. All treated patients required surgery within 8 weeks to 6 months following VAC therapy. In the opinion of the surgical team, peritoneal adhesions were very limited and all procedures were performed without complications. Our subjective observation concerning faster healing and smaller number of adhesions indirectly confirms the data related to a smaller percentage of abdominal hernia in patients treated with the open abdomen technique using VAC therapy [24] . It needs to be stressed that all treated patients significantly improved their general condition. After 4-7 days of VAC therapy, the levels of CRP and procalcitonin considerably decreased and metabolic and biochemical parameters improved. The general improvement of traumatic wound healing conforms to the observations of other authors [25] .
Technical aspects of vacuum-assisted closure therapy
In all described cases the authors used the standard abdominal set with its crucial element, a nonadhesive drape. It is believed that the reports on additional fistulas developing during VAC therapy for traumatic abdominal wounds [19, 20] might result from the lack of or inadequate application of this layer, which may lead to "adherence" of intestinal wall to the sponge and mechanical injury of intestinal serosa during the change of dressing [26] . Therefore, in all cases of dressing change the non-adhesive drape was placed over the surfaces of the intestine and granulation tissue. Ensuring the effective removal of exudates was of crucial importance because fistula exudates, particularly in the initial phase of the treatment, clogged the sponge. This resulted from ineffective VAC functioning and very frequent alarm triggers informing about technical obstacles/drain blockage. Thus, at the site above the most active fistula, the sponge was specifically modified by either having a small opening cut, or decreasing its width in a "funnel" shape manner. Then the sponge was directed with its wider lower base downwards. This allowed for more effective negative presVacuum-assisted closure therapy in patients with large postoperative wounds complicated by multiple fistulas sure drainage. In order to prevent the sponge and drain clogging as well as to increase the efficacy of drainage, VAC pressure was adjusted within the range 75-200 mmHg depending on the volume of exudate and its pooling below the sponge. The mode of unit operation was also extended when the volume of exudate was high. The majority of authors apply a constant VAC mode, usually 125 mmHg at an intermittent pressure cycle of 5 min suction followed by 2 min off suction [27] , although there are also reports describing the application of lower pressures, e.g. 75 mmHg at a constant mode [15] . We are of the opinion that with leakage exceeding 1500 ml/day, as in the presented cases, pressure settings should be adjusted "as needed" to the clinical situation. Due to the fact that some nurses participated in specialist training in pressure adjustments they were able to intervene immediately in the event of pooling of the excessive volume of fistula contents below the sponge. Frequent increase of pressure up to 200 mmHg and the suction of contents excess aided in prevention of leakage below the drape and detachment of the dressing. However, despite the application of all the above-mentioned modifications at the initial stage of VAC treatment (up to 7 days) dressing changes were very frequent, up to 2 times a day. Increased frequency of dressing changes in the case of VAC treatment have also been reported by other authors [15] . Such a necessity should be taken into account during the initial stage of treatment in order to appropriately organize dressing changes and prepare a sufficient number of dressing materials and canisters. Another crucial technical issue is sponge adjustment. It is usually done by tailoring the sponge to fit the shape of the wound. Originally, we also tried this manner of application but later we noticed that the flexible properties of the sponge may prove to be very helpful. During each dressing change we cut the sponge to fit the shape of the wound but also we made sure it was approximately 1 cm smaller at each side. The sponge was fixed with a few 0-2 skin sutures under certain tension. The great mechanical durability of the sponge and its stretching properties allowed for constant pulling of the wound edges together. We believe that this method enhanced the healing of the wound and reduced the wound size.
One of the greatest technical challenges was to secure the lower part of the dressing. The anatomical shape of the lower part of the abdomen and groin as well as the presence of abdominal folds inhibits the external drape adherence. Moreover, any movement of lower extremities, hygienic procedures related to perineal and anal regions, as well as gravitational leakage of fistula contents towards the lowest part of the wound, made the dressing detached usually in its lower area. The difficulty of appropriate wound dressing in this area is also emphasized by other authors in their papers describing perineal wounds following abdominoperineal resection of the rectum [28] . To prevent this occurrence we applied Stomahesive paste, as described above. Also, an additional suction drain was attached to the lowest part of the wound to allow fistula contents to drain from the wound. We used a system of connectors to be able to use simultaneously two drains, which were connected to a single suction device. Certain modifications have been described related to the increase of the frequency of active evacuation of contents where the drain was incised [29] . However, it is possible only in certain cases as the construction of the drain and the position of channels in its walls allowing for constant pressure monitoring prevent its incision. The application of sets with a Y-connector seems to be most effective, though it certainly increases the costs of the treatment.
Conclusions
Vacuum-assisted closure therapy positively influences the general condition of patients with chronic and traumatic wounds complicated by multiple fistulas. Application of this method may increase the survival rate and decrease the time of healing. In our opinion, confirmed by observations of other authors, VAC therapy may also lower the overall costs of treatment [30] , reducing the number of surgical procedures and the costs of dressing materials and wound care [24] . The fast subsiding inflammatory condition also limits the time of costly antibiotic therapy, particularly in case of the presence of opportunistic bacterial strains.
In the above-described cases a crucial goal was to determine the most preferable drain localization with the aim of facilitating the flow of the widest fistula exudates, at the same time trying to close all other fistula orifices. Frequent change of dressings needs to be taken into consideration. Application of connectors enabling effective negative pressure therapy in several places simultaneously also appears to be very effective. In the case of VAC therapy the likelihood of complete closure of a fistula is small. Thus, the main goal of the treatment is improvement of the general health condition, wound healing, formation of the fistula-stoma and finally, the surgical treatment.
From our observations it appears that VAC therapy used for the treatment of vastly dehiscent postoperative wounds complicated by multiple fistulas limits inflammation and the number of adhesions in the abdominal cavity, which is crucial for the subsequent surgical treatments.
